INTRODUCTION {#S0001}
============

Pulmonary diseases are responsible for significant morbidity and mortality worldwide ([@CIT0001]). Pulmonary function tests play a critical role in diagnosis and management of pulmonary diseases. These tests are performed to diagnose or rule out obstructive, restrictive or mixed ventilatory defects ([@CIT0002]--[@CIT0004]). An accurate diagnosis and an acceptable maneuver depend on various factors such as the device, operator, patient and environmental conditions ([@CIT0005]--[@CIT0009]).

One main application of spirometry is for screening subjects in occupational settings. Spirometry is routinely used as a screening tool for early detection of impaired lung function in workers exposed to respiratory irritants. Thus, spirometry tests are widely used for annual occupational health evaluations. Spirometry can directly detect obstructive lung diseases i.e. FEV~1~/FVC, and it can also be used for screening or ruling out restrictive lung patterns (i.e. decreased FVC) ([@CIT0010]--[@CIT0012]).

Spirometry cannot measure residual volume (RV) or total lung capacity (TLC), so the gold standard for detection of a restrictive lung pattern is body plethysmography, which can measure TLC ([@CIT0013], [@CIT0014]). A decreased FVC may show a true restrictive lung pattern or may reflect airflow obstruction due to air trapping, or early termination of spirometry maneuver ([@CIT0015]).

Early detection of a restrictive lung pattern is very important for timely management. In occupational medicine, spirometry is useful for pre-placement testing and periodic evaluations ([@CIT0016]). During occupational health evaluations, spirometry is routinely used. If a restrictive pattern is detected by this test, the patient is referred for body plethysmography, an expensive test, which is not available in many medical centers ([@CIT0017]--[@CIT0022]).

Variable accuracy values have been reported for spirometry in detection of restrictive lung pattern. Spirometry has been reported to have a sensitivity of 32% to 95%, and specificity of 42% to 98% for detection of restrictive lung patterns ([@CIT0015], [@CIT0017], [@CIT0023], [@CIT0024]). Most studies have shown a high NPV and low PPV for spirometry ([@CIT0015], [@CIT0017], [@CIT0023]--[@CIT0025]), although a high PPV has also been reported by some researchers ([@CIT0017], [@CIT0026]).

This study was designed to evaluate the accuracy of spirometry for detection of restrictive lung pattern in an occupational health setting.

MATERIALS AND METHODS {#S0002}
=====================

This was a cross-sectional (diagnostic) study to assess the accuracy of spirometry for detection of restrictive lung patterns. The study population consisted of all individuals referred to the pulmonary function laboratory of occupational health clinic in Shahid Sadoughi University of Medical Sciences, Yazd, Iran to perform spirometry regardless of diagnosis. Individuals were referred for pre-placement, periodic or specific occupational health evaluations from different workplaces. Our sample size was calculated to be 500 subjects in each group (restrictive and non-restrictive pattern) considering the sensitivity of more than 90% for spirometry and power of 90%. In a 4-year period (April 2008 to May 2012), from 14,486 individuals who underwent periodic pulmonary function tests, 708 subjects with restrictive pattern who could perform spirometric maneuvers were entered in the study and 516 individuals without restrictive pattern were selected as the control group.

For height measurement, subjects were asked to stand without shoes against a wall (buttocks, back, and head against the wall) with their heads erect. A ruler was placed against the wall and the subject\'s head to ensure correct reading. The height was measured to the nearest centimeter from the floor to the bottom of the ruler by a metal ruler attached to the wall. Age was recorded according to the patients' self-reporting. Weight was measured without shoes by a digital scale (Laica, Italy).

Spirometry and lung volume measurements (body plethysmography) were performed for all patients in the same session. Spirometry was performed using a flow-type spirometer (Spirolab III, Mir, Italy), which is auto-calibrated; body plethysmography was performed by a pressure box (Zan 530, Germany). The device was calibrated daily by its internal syringe. Both tests were performed in a standard condition (in a sitting position, in the morning). Room temperature was kept between 20 and 26°C. Spirometry and body plethysmography results were automatically corrected for body temperature pressure saturation (BTPS) conditions by the device software.

All tests were performed according to American Thoracic society/European Respiratory Society (ATS/ERS) guidelines for spirometry and lung volume measurement ([@CIT0027]--[@CIT0030]). Acceptability criteria were considered according to ATS/ERS taskforce (a satisfactory start of test criteria i.e. extrapolated volume of less than 0.5% of FVC or 0.150 L and a satisfactory end of test criteria i.e. a 1s plateau in the volume--time curve, without coughing during the first second of the maneuver, without early termination of expiration, and without glottis closure) ([@CIT0027]). Spirograms were repeated until three acceptable tests were obtained. Studies were considered repeatable if the largest and second largest values for FVC and FEV~1~ were within 150 mL of each other. If the first maneuvers were not satisfactory, further maneuvers were used until the reproducibility criteria were satisfied or a maximum of eight maneuvers was reached ([@CIT0028]). Spirometry was performed by a trained technician.

For spirometry, the highest sum of FVC and FEV~1~ from three technically acceptable recordings was selected. Before performing the test, all factors intervening or contraindicating spirometry were questioned ([@CIT0027]).

For lung volume measurement, a minimum of two attempts with the functional residual capacity reproducible within 5% were made for each patient ([@CIT0024]). Plethysmography was performed by a trained technician blinded to the results of spirometry. Spirometric reference values were extracted from Golshan et al. ([@CIT0031]). Lung volume reference values were used according to Golshan et al. ([@CIT0032]).

For determination of the diagnostic accuracy of FVC, we used two criteria: FVC\<LLN alone; and FVC \<LLN along with FEV~1~/FVC \> LLN. Restrictive body plethysmographic pattern was defined as TLC \<LLN.

To determine the best cutoff point for FVC for detection of restriction in our population, ROC curve analysis was performed using two definitions for FVC.

Data were analyzed by SPSS (ver. 19) using chi square test, t-test and Pearson\'s correlation test. Sensitivity, specificity, PPV and NPV of spirometry were calculated. Diagnostic accuracy expressed as \[(true positives+ true negatives) / (true positives+ true negatives+ false positives+ false negatives)\] was also calculated ([@CIT0020]). Level of significance was set at P\<0.05.

This research was approved by the Ethics Committee of Shahid Sadoughi University of Medical Sciences. An informed consent (in Persian) was obtained from all participants before the tests.

RESULTS {#S0003}
=======

This study was performed between April 2008 and May 2012. A total of 708 individuals with restrictive and 516 subjects without restrictive patterns were entered in the study. [Table 1](#T0001){ref-type="table"} shows demographic data of the subjects. The mean age and height were not significantly different between the two groups (P= 0.83 and P= 0.67, respectively).

###### 

Demographic data of the subjects in the two groups

                                                    Group             Minimum   Maximum   SD[a](#TF0001){ref-type="table-fn"}   Mean
  ------------------------------------------------- ----------------- --------- --------- ------------------------------------- --------
  Age (year)                                        Restrictive       23        60        9.18                                  36.90
                                                    Non-restrictive   19        63        16.85                                 36.66
                                                    Total             19        63        14.12                                 36.76
  Height (cm)                                       Restrictive       146       195       11.02                                 168.26
                                                    Non-restrictive   146       186       8.40                                  166.75
                                                    Total             146       195       9.61                                  167.39
  Weight (kg)                                       Restrictive       46        105       12.97                                 73.59
                                                    Non-restrictive   35        103       14.23                                 70.16
                                                    Total             35        105       13.18                                 71.60
  Body surface area (m^2^)                          Restrictive       1.39      2.20      0.19                                  1.82
                                                    Non-restrictive   1.30      2.17      0.17                                  1.76
                                                    Total             1.30      2.20      0.18                                  1.79
  BMI[\*](#TF0002){ref-type="table-fn"} (Kg/m^2^)   Restrictive       18.00     35.50     4.17                                  25.83
                                                    Non-restrictive   13        39.30     5.46                                  25.14
                                                    Total             13        39.30     4.96                                  25.43

Standard Deviation

BMI: body mass index

[Tables 2](#T0002){ref-type="table"} and [3](#T0003){ref-type="table"} show the accuracy of spirometry for detection of restrictive lung patterns according to the aforementioned two criteria. Kappa coefficient for FVC \<LLN alone and FVC \<LLN along with FEV~1~/FVC≥LLN was found to be 0.691 (P\<0.001) and 0.742 (P\<0.001), respectively.

###### 

Comparison of FVC \<LLN along with lung volume measurements by plethysmography.

                                              TLC[b](#TF0004){ref-type="table-fn"}\<LLN   TLC≥LLN   Total
  ------------------------------------------- ------------------------------------------- --------- -------
  FVC[a](#TF0003){ref-type="table-fn"}\<LLN   261                                         93        354
  FVC≥LLN                                     6                                           252       258
  Total                                       267                                         345       612

FVC: Forced vital capacity

TLC: Total lung capacity

###### 

Comparison of FVC \< LLN along with FEV1/FVC ≥ LLN; with lung volume measurements by plethysmography.

                                                               TLC[b](#TF0006){ref-type="table-fn"}\<LLN   TLC≥LLN   Total
  ------------------------------------------------------------ ------------------------------------------- --------- -------
  FVC[a](#TF0005){ref-type="table-fn"}\<LLN and FEV1/FVC≥LLN   225                                         66        291
  FVC≥LLN or FEV1/FVC \<LLN                                    3                                           234       237
  Total                                                        228                                         300       528

FVC: Forced vital capacity

TLC: Total lung capacity

Sensitivity = 97.75%, Specificity = 73.04%, PPV = 73.72%, NPV = 97.67%, Likelihood ratio = 2.64, Diagnostic Accuracy= (522+504)/ (522+504+186+12) = 1026/1224 = 83.82%

Sensitivity = 98.68%, Specificity = 78.00%, PPV = 77.31%, NPV = 98.83%, Likelihood ratio = 4.48, Diagnostic Accuracy: (450+468)/ (450+468+132+6) = 918/1056 = 86.93%

Area under the ROC curve was 0.835 (95%CI=0.810-0.883) for FVC \<LLN alone. This value was 0.847 (95%CI=0.801-0.870) for FVC \<LLN along with FEV~1~/FVC≥LLN. [Figure 1](#F0001){ref-type="fig"} shows the ROC curve for FVC \<LLN alone and [Table 4](#T0004){ref-type="table"} shows the likelihood ratio of different FVC measures for FVC \<LLN alone. The best cut-off point for FVC in detection of restrictive respiratory disease in our population was 70% predicted.

![ROC curve for FVC\<LLN alone.](Tanaffos-13-027-g001){#F0001}

###### 

Likelihood ratio for different amounts of FVC for FVC\<LLN alone.

  FVC[a](#TF0007){ref-type="table-fn"}%   Sensitivity%   Specificity%   Likelihood ratio
  --------------------------------------- -------------- -------------- ------------------
  60                                      19.1           11.4           1.67
  65                                      39.3           14.9           2.63
  [70]{.ul}                               [57.3]{.ul}    [14.9]{.ul}    [3.84]{.ul}
  75                                      75.3           23.9           3.15
  80                                      97.8           31.0           3.10
  85                                      100            3.33           3.00

FVC: Forced vital capacity

[Figure 2](#F0002){ref-type="fig"} shows the ROC curve for FVC \<LLN along with FEV~1~/FVC≥LLN and [Table 5](#T0005){ref-type="table"} shows the likelihood ratio of different FVC values for FVC \<LLN along with FEV~1~/FVC≥LLN. The best cut-off point for FVC considering this criterion was 70% predicted as well. [Table 6](#T0006){ref-type="table"} compares the results of the current study with those of other studies.

![ROC curve for FVC \< LLN along with FEV1/FVC ≥LLN.](Tanaffos-13-027-g002){#F0002}

###### 

Likelihood ratio for different amounts of FVC for FVC \< LLN along with FEV1/FVC≥LLN.

  FVC%        Sensitivity%   Specificity%   Likelihood ratio
  ----------- -------------- -------------- ------------------
  60          15.2           10.3           1.47
  65          38.0           14.4           2.63
  [70]{.ul}   [57.0]{.ul}    [14.4]{.ul}    [3.95]{.ul}
  75          74.7           19.6           3.81
  80          98.7           26.7           0.69
  85          100            30.9           3.23

###### 

Comparison of the results of different studies about the accuracy of spirometry for diagnosis of restrictive lung pattern

  Name of Study year Ref No.          Population                                                  Criteria                                       Sen[a](#TF0008){ref-type="table-fn"}   Spe[b](#TF0009){ref-type="table-fn"}   PPV[c](#TF0010){ref-type="table-fn"}   NPV[d](#TF0011){ref-type="table-fn"}   Low Cut-off   High Cut-off   FVC AROC[e](#TF0012){ref-type="table-fn"}
  ----------------------------------- ----------------------------------------------------------- ---------------------------------------------- -------------------------------------- -------------------------------------- -------------------------------------- -------------------------------------- ------------- -------------- -------------------------------------------
  **Present study 2012**              Consecutive Referred                                        1[f](#TF0013){ref-type="table-fn"}             97.75                                  73.04                                  73.72                                  97.67                                  70            85             0.835
  Adults                              2[g](#TF0014){ref-type="table-fn"}                          98.68                                          78.00                                  77.31                                  98.83                                  70                                     85            0.847          
  **Aaron 1999^[@CIT0023]^**          Consecutive Referred                                        1                                              86                                     83                                     41                                     97.6                                   \-            \-             \-
  Adults                              2                                                           68                                             93                                     58                                     94                                     \-                                     \-            \-             
  **Venkateshiah 2008^[@CIT0015]^**   Consecutive Referred                                        1                                              88.6                                   56.8                                   39.9                                   93.9                                   \-            \-             0.817
  Adults                              2                                                           72.4                                           87.1                                   64.4                                   90.7                                   \-                                     \-            0.584          
  **Glady 2003^[@CIT0024]^**          Consecutive Referred                                        Derivation                                     96                                     61                                     40                                     51                                     \-            85             0.90
  Adults                              Validation                                                  94                                             61                                     43                                     97                                     \-                                     85                           
  **Scarlata 2009^[@CIT0017]^**       Ambulatory and acute care hospital patients aged 65 to 96   1                                              32                                     95                                     81                                     69                                     \-            \-             0.89
  2                                   28                                                          98                                             89                                     69                                     \-                                     \-                                     0.92                         
  **Khalid 2011^[@CIT0025]^**         Retrospective analysis of prospectively collected data      Derivation                                     95                                     42                                     25                                     98                                     \-            \-             0.81
  Validation                          95                                                          44                                             22                                     98                                     70                                     \-                                     0.71                         
  **Boros 2004^[@CIT0026]^**          Retrospective, cross sectional                              1                                              69.3                                   97.4                                   88.5                                   91.5                                   \-            \-             \-
  **Zielonka. 2006^[@CIT0033]^**      Children with MG[h](#TF0015){ref-type="table-fn"}           FVC[i](#TF0016){ref-type="table-fn"}\<0.8      \-                                     \-                                     \-                                     \-                                     \-            \-             \-
  **D\'Aquino 2010^[@CIT0034]^**      Consecutive Referred                                        FVC \<0.6 M[j](#TF0017){ref-type="table-fn"}   30.5                                   96.3                                   90                                     \-                                     M60           \-             0.793
  Adults                              FVC \<0.5F[k](#TF0018){ref-type="table-fn"}                 60.0                                           92.3                                   98                                     \-                                     F50                                    \-                           
  **Swanney 2004^[@CIT0035]^**        Consecutive Referred                                        ATS                                            97                                     85                                     55                                     99                                     \-            \-             
  Adults                              Glady                                                       100                                            69                                     37                                     100                                    \-                                     \-            0.872-0.880    
                                      Swanney                                                     97                                             81                                     49                                     99                                     \-                                     \-                           

Sen: sensitivity

Spe: specificity

PPV: positive predictive value

NPV: negative predictive value

FVC AROC: FVC area under the Receiver Operating Curve

1: FVC\<LLN

2: FVC\<LLN along with FEV1/FVC≥LLN

MG: myasthenia gravis

FVC: Forced vital capacity

M: male

F:female.

DISCUSSION {#S0004}
==========

Spirometry is used as a screening tool for restrictive lung pattern. Low FVC is a screening criterion for restrictive lung pattern, although in order to more accurately diagnose restrictive diseases, lung volumes should be measured. In this study, we assessed the accuracy of spirometry for detection of restrictive diseases in comparison with body plethysmography as a gold standard in an occupational setting.

This study showed that spirometry had acceptable sensitivity and NPV for detection of restrictive lung pattern, but low specificity and PPV, resulting in low false negative and high false positive results. Therefore, spirometry is a reliable tool to rule out restrictive lung patterns.

When FVC is within the normal range, measuring lung volumes is not necessary (the probability of restrictive disease is about 1.17-2.33%), but low FVC is not a good criterion for detection of restrictive lung pattern (the probability of restrictive lung pattern is about 73.72-77.31%); this finding is consistent with the results of some previous studies ([@CIT0015], [@CIT0016], [@CIT0023]--[@CIT0026], [@CIT0033]--[@CIT0035]). Therefore, considering the high NPV of spirometry, 690 lung volume measurements in our study population (out of 1,224 tests) were not necessary and should have not been performed. Considering the high cost and unavailability of body plethysmography in many centers, it is important for clinicians and pulmonary function lab technicians to avoid unnecessary lung volume measurements.

To the best of our knowledge, this study was the first to assess this issue in an occupational health setting and also among the Iranian population using the reference equations for the Iranian population described by Golshan et al. ([@CIT0031]).

In this study, we considered two criteria for restrictive lung pattern (FVC \<LLN alone and FVC \<LLN along with FEV~1~/FVC≥LLN). The second criterion was more accurate than the first one with higher sensitivity and NPV, which was consistent with the study by Aaron et al. ([@CIT0023]), but not consistent with the study by Venkateshiah et al. ([@CIT0015]). Aaron et al. found a low PPV for both criteria, which was much lower than the PPV obtained in our study ([@CIT0023]). Venkateshiah et al. explained that the test results of the same individuals varied during the study period in such way that FEV~1~/FVC fell below the LLN, leading to unsatisfactory results for the combined criterion ([@CIT0015]).

ROC curve analysis confirmed this finding and showed that FVC \<LLN combined with FEV1/FVC≥LLN was a better predictor of restrictive disease than FVC \<LLN alone. This analysis also showed the cut-off point of 70% predicted to be the best predictor of restrictive lung pattern in occupational health evaluations.

Different studies have assessed the accuracy of spirometry for detection of restrictive lung pattern with different results ([Table 6](#T0006){ref-type="table"}).

The current study showed that FVC≥85% definitely ruled out restrictive lung pattern consistent with the study by Glady et al, ([@CIT0024]).

Our study confirmed the results of some previous studies. Glady et al. proposed an algorithm for predicting restrictive lung pattern according to the results of spirometry and showed that application of their algorithm to the clinical practice may prevent unnecessary plethysmography in about 50% of patients ([@CIT0024]). Boros et al. in another study found that measurement of vital capacity was not reliable for detecting restrictive pattern due to low sensitivity (69.3%) ([@CIT0026]).

CONCLUSION {#S0005}
==========

This study showed that spirometry is a useful tool for ruling out restrictive lung pattern with acceptable accuracy in occupational health evaluations; however it is not an accurate tool for detection of restrictive lung pattern.
